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AIRPLANE: NORMAL-FORCE COEFFICIEJYTS 

By John P. Mayer and George M. Valentine 

SUMMAKY . 

Measurements have heen made of the  buffet bomiiary and peak normal- 
force  coefficients for the Douglas D-558-11 airplane up t o  a Mach nunher 
of 0.90. These measurements indicate that the  buffet boundary falls con- 
siderably below the maximum normal-force  coefficients in the Mach number 
rasge covered in these  tes ts .  The normal-force  coefficient at w h i c h  
buffeting starts decreases  gradually from a  normal-force  coefficient of 
about 0.84 a t  a Mach  number of 0.30 t o  normal-force  coefficient of 0.5 
at a Mach nmiber of 0.80. The normaJ"force  coefficient a t  which buf- 
feting starts then  decreases  rapidly t o  a normal-force  coefficient of 
0.1 a t   a  Mach  nuniber of 0.88.' Buffeting magnitudes for the D-558-11 a i r -  
plane have been very mild just  beyolid the buffet boundary above a Mach 
nuniber of' 0.80, however, and p i lo t s  have reported,no  buffeting below a 
no--force coefficient of 0.4 in this number range. 

The maximum airplase normaJ"f orce  coefficients  reached with the a i r  - 
plane in the  clean  condition were QA = 1.46 with  the slats unlocked 
a t  a Mach number of 0.29 and CNA = l:25 with the' slats locked a t  a Mach 
number of 0.55. In general, the variation of the  absolute maxirmmr normal- 
force  coefficient  with Mach  number was not  determined  because of the 

coefficients. 
- longitudind.  instabil i ty of the. D-558-11 airplane  a t  high normal-force 
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INTRODUCTION 

As a part oethe cooperative  NACA-NavJ  Transonic  Flight  Research 
Program, the  NACA  is  utilizing  tEe  Douglas D-558-11 research  airplane  for 
flight  investigations  at  the  NACA  High-speed  Flight  Research  Station, 
Edwards  Air  Force  Base,  Muroc,'  Calif. 

As a part  of  the  flight  investigations  it  was  desired  to  obtain the 
variation of the maxFmum normal-force  coefficient  and  the  norml"force 
coefficient  at  whlch  buffeting  started  with Mach number; however, it was 
found  that  the D-558-11 airplane was  longitudinally  unstable  at- high 
normal-force  coefficients  (reference 1) and,  therefore,  it was not--- 
advisable  to  completely  stall  the  airplane  and  reach  the  absolute maximum 
normal-force  coefficient. This paper  presents the results  from masure- 
ments of the  buffet boundary and  the  peak  normal-force  coefficients 
reached with the D-558-11 airplane  in the Mach number  range  from 0.26 
to 0.90. The peak normal-force  coefficients  presented  are  the  highest 
normal-force  coefficients  reached in the present-tests and in general 
are  not  the  absolute maximum normal-force  coefficients. 

Results on other  characteristics of the D-558-11 airplane  are  pre- 
sented in references 1 and 2. 

c 

SYMBOLS 

n airplane normal load factor, g units 

W airplane gross weight, pounds 

9 free-stream aynasnic  pressure,  pounds  per  squaze  foot 

SK wing area,  squaxe  feet 

cNA airplane  normal-force  coefficient 

V free-stream  velocity,  feet  per  second 

a velocfty of sound, feet-per second 

M Mach  number (V/a) 

a A  airplane  angle  of  atta-ck  (measured  with  respect to airplane 
center  line),  degrees 

. .  . 
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e 
P mass density, slugs per cubic foot  

P coefficient of viscosity, slugs per  foot-second 

C wing mean aerodynamic chord, f ee t  - 
R Reynolds number (based on standnrd  atmosphere) (F) 
g acceleration due t o   g r a d t y ,   f e e t  per second per second 

The Douglas D-558-11 airplanes have sweptback wing and t a i l  surfaces 
and  were designed for combination turbojet and rocket power plant. The 
airplane  being  used in the present  investigation (BuAero No. 37974) does 
not  yet have the  rocket engine installed.  This airplane i s  powergd only 
by a 5-34-IiE-40 turbojet  engine which exhausts from the bottom of the 
fuselage between the wing and the tail. Both slats and stall-control 
vanes. are Fzlcorporated on the wing of the airplme. The wing slats can 
be  locked in the  closed  position o r  they  can be unlocked. When the slats 
are unlocked, the slat position is a function of the angle of attack of 
the airplane. The airplane is equipped with an  adjustable  stabilizer. 
Photographs of the airplane are shown in figures 1 and 2 and a three- 
d e w  drawing i s  shown Fn figure 3. A drawing of the wing section showing 
the wing slat .  in the  closed and  extended positions i s  given in figure 4. 
Pertinent  airplane dimensions and che;racteristfcs  are listed i n  table I. 
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* WSTRUMENTATION AmD ACCURACY 

i 
Standard NACA recording  instruments were instal led in the airplane 

t o  measure the following quantities: 

Airspeed 
Altitude 
Elevator and aileron w h e e l  forces 
Rudder pedal  force 
NO-, longitudinal, and transverse  accelerations at the 

Pitching,  rolling, and yawing velocit ies 
Airplane angle of  at tack 
StabiliFer,  elevator,  rudder,  aileron, asd slat positions 

center of gra=vity of the airplane 

- 
I 
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Strain gages were installed on the airplane  structure  to measure 
wing and t a i l  loads. Strain-gage.deflections were measured with a 
recording  oscillograph. 

A free-swiveling  airspeed head was used t o  measure both s t a t l c  and 
impact pressures.  This  airspeed head was mounted on a boom approximately 
7 feet- forwasd of the nose of the  airplane. The vane which was used t o  
measure angle of attack was mounted on the same  boom approximately 

:feet  forward of the nose of the airplane. 

The airspeed system was calibrated for posit ion  error by the "fly- 
by" method a t  low l i f t  coefficients up t o  a Mach number of 0.70.' The 
swiveling  airspeed head used on the  airplane was calibrated in a wind 
tunnel f o r  instrument  error up t o  Mach nmber of 0.85. Tests of 
similar nose-boom installations  indicate tht the  posit ion  error does 
not vary with Mach n M e r  up t o  a Mach number of--0.90. By combinFng the 
constant  position  error of the fuselage wlth the error  due t o  the airspeed 
head, the calibration w a s  extended t o  a Mach  number of 0.85. A t  Mach 
nWers between 0.85 and 0.90 the  calibration was extrapolated. 

The angle-of-attack vane was not  calibrated  for  posit ion  error in 
flight. However, estimated  errors in angle of a t tack due to  posit ion 
error, boom bending, and pitching  velocity were small. No corrections 
have been made t o  the eagles of  attack  presented i n  t h i s  paper. 

The e s t k t e d  accuracies of the  pertinent  parameters used i n  
determlnfng  the  airplane  buffet  boundaries and peak  normal-force  coef- 
f ic ien ts  are as follows: 

However, because of the  uncertainty i n  determining  the point where 
buffet- starts from the flight records,  the  estimated  accuracies  for 
the-buffet boundary are approximately: 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
CmA . . . . . . . .  .,. . . . . . . . . . . . . . . . . . . . . .  kO.05 

TESTS 

All the  data  presented were obtained  with  the  airplane in the  clean 
condition and with power on. Data are  presented  for  both  slats-locked - 
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and slats-unlocked  configurations.  Buffet  boundaxies and peak normal- 
force  coefficients  obtained were found in 1 g st& approaches and i n  
turns at Mach numbers from 0.26 to 0.90 and a t   a l t i t ude  from 10,000 f ee t  
to 25,000 feet .  The Reynolds rider w f e d  from 8 X 10 8 t o  32 X 106. 
The range of Reynolds number and Mach  n-er fo r  which data are presented 
i s  Shown in   f igure  5. 

In the  course of the flight "tests of the  present  airplase it was 
found that   the   t ra i l ing edge of the wing slats  deflected upwarrd in flight 
with  the slats locked. It i s  not known at this time what effect this 
slat deflection haa on the airplane Wfet  boundary o r  maximum normal" 
9 orce coef f icfent  . 

RESULTS AND DISCUSSION 

I 

! 

I 
L 

Airplane L i f t  Curves ! 

Typical  variations of the airplane normal-force coefficient  with 
airplane angie of a t tack  me shown in  f igures  6 and 7. Presented in 
figure 6 is  the  variation of the airplane normal-force coefficient with 
Etirplane angle of  attack f o r  the slats-unlocked  condition. For t h i s  
particulaz  case,  buffeting  started a t  an m e  of attack of approxi- 
mately loo and a normal-force coefficient of about 0.85. The s l a t  i s  t 

almost fu l ly  open a t  this point. The normal-force coefficient  increases f 
with angle of attack t o  an augle of approximately 2 4 O  and then remains 
almost  constant at angles of  attack t o  32O. The normal-force coefficient 
then  iIicreases.and  reaches & peak of 1.46 at  89 angle of attack of 
approximately 360. 

The variation of the normal-force coefficient  with angle of  at tack 
f o r  the  slats-closed  condition i s  shown in figure 7. Buffeting starts 
at an angle of attack of about 8O and a normaJ"force coefficient of 
approxhately 0.77 for t h i s   c a ~ e .  The normal-force coefficient varies 
linearly  with  angle of attack up t o  an angle of at tack of go. The slope 
then  decreases and a peak  normal-force coefficient of  1.n i s  reached at 
an angle of attack of approx-ltely 230. 

! 

Buffet BounWy 

The buffet boundary f o r  the D-59-11 airplane is shown in figure 8. 
This  boundary is  defined by the normal-force coefficient .and Mach n h e r  
a t  which a definite  buffet starts as ' the  airplane normal-force  coef- 
f ic ien t  i s  increased and, i n  general,  the  buffeting of the wing and 
t a i l  i s  caused by flow separation on the wing. The. buffet boundtry f o r  
the a i q h n e  was determined by examining records of the  recording  airplane 

1 ! 
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accelerometer and strain-gage  records of the w i n g  and t a i l  loads. Photo- b 

graphs of typical  accelerometer.and  strain-gage flight records  of a 1 g 
stdl approach, a low-speed turn, and a high-speed  turn, are shown in 
figures g(a) ,   g(b) ,  and g(c) ,  respectively. The- start of buffeting was 
determined from the  instrument  records  such as  those  presented i n  figure 9 
as that point on the  record where the amplitude increases as the normal- 
force  coefficient  increased. For example, it may be seen Fn figure g(a)  
that buffeting stxrts at approximate-ly 0.5 second. This point  corresponds 
t o  an angle  of  attack of about loo as shown in figure 6 and t o  -a point 
on the  buffet  boundaq at a Mach number of approximately 0.4 and a normal- 
force  coefficient of about 0.85. A similar evaluation was  made through- 
out-the Mach  number range for  various maneuvers such as those shown i n  
figures g(b) and'g(c).  The boundary established,  therefore,  separates 
the  region of  relst-fvely m o t h   f l i g h t  from the region where buffeting 
i s  present. " 

For the  slats-locked  configuration, the normal-force coefficient at 
w h i c h  buffeting starts i s  shown in figure 8 t o  decrease gradually with 
Mach number  up t o  a Mach number of 0.83. -om a Mach  number of 0.83 t o  
0.90 the normal-force coefficient at which buffeting starts decreases 
rapidly with Mach  number. It may be seen that there xre several  buffeting 
points at a Mach n&r 0 ~ 0 . 8 3  and an airplane normal-force coefficient 
of 0.10. Intermittent-mild buffeting has occurred a t  tEis condition on 
a31 flights where this Mach number and normal-force coefficient have been 
encountered. This buffeting did not  occur at higher  normal-farce  coef- 
f ic ients ,  however, or  at.  higher Mach numbers unt i l   the   buffet  boundary 
was reached. The D-558-11 airplane has not-gone  beyond the buffet 
boundary t o  any extenhbove a Mach  number of 0.80 because o f  the speed 
l imitations of the  airplane with only  the jet  engine  operating. 

With the wing slats unlocked, it may beseen  in figure 8 tha t  the 
normal-force coefficient at which- buffeting starts i s  about  the same as 
the  slats-locked  configuration.at a Mach  number  of about 0.3. As the 
Mach n m h r  increases  to 0.36 the normal-force coefficient a t  which 
buffeting begins decreases more gradually than  for the slats-locked 
condition, and at a Mach  number 0~0.56 the  slats-unlocked boundary is  
a t  a mmd"force  coefficient about 0.2 higher  than that of the slats- 
closed boundary. For most of the test points shown on the slats-unlocked 
buffet b0Unda;ry the slats were a h o s - t f u l l y  extended when buffeting 
s tmted  ( for  example, see  fig. 6).  

During one maneuver with  the D-558-11 airplane, the airplane  entered 
a buffeting  region  at  a negative  nomeJ"force  coefficient. As a matter 
of interest ,  this negative  buffet bounda;ry point i s  shown in  figure 8 at 
a Mach  number of'O.51 and an airplane normal-f orce  coefticient of -0.64 
and, for  convenience, is plotted as a positive normal-force coefficient. 
It may be seen that the negative buffet boundary poiut  coincides with 
the  positive  buffet boundaxy for   this   par t icular  case. The maneuver i n  
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which thts  point w a s  obtained, however, was a violent maaeuver.and there 
were some conditions such as  abrupt  pitching and yaw5ng which might have 
affected  the  buffet boundary. ' 

In order t o  compare the buffet bounda,ry a s  determhed from p i l o t ' s  
impressions and that established by means  of recording  strain-gage and 
accelerometer Geasurements, . a push-button  swftch was instal led on the 
control wheel of the  airplane so that the  pilot  could  indicate when he 
fel t   the .buffet ing  s tar t .  Shown i n  figure 10 are  coqazisons of the 
points at which the  pi lot   indicated  buffet ing  s ta ted w i t h  the buffet 
boundary as  established from recording  strain-gage and accelerometer 
measurements. In general, it may be seen in figure 10 that the  buffet 
boundary  determined from the  pi lot ' s  finpressions i s  Fn f a i r l y  good 
agreement with  the boundary established from recorded measurements at 
Mach numbers  up t o  0.70. In the Mach  number range from 0.83 t o  0.90, 
however, p i lo ts  have not  reported any buffeting below a normal-force 
coefficient of about 0.4. 

Maximum Eorma,l-Force Coefficients 

The highest  normd"force  coefficients  reached in the tests of the 
D-53-11 airplane  thus far are shown in figure 11. Because of the 
longitudinal  instabil i ty of  the  airplane mentioned previously, it has 
not been advisable t o  completely stall  the airplane.  Therefore,  the 
peak values of the airplane normal-force coefficient shown in  figure 11 
me,  for  the most part,  not  the  absolute maxirmrm normal-force coefficients. 
The highest  airplane normal-force coefficient  reached  with  the slats 
locked was 1.25 a t  a Mach  number of  0.35. This nqmal-force  coefficient 
was reached in a turn in which the  airplane  pitched up abruptly and 
fnadvertently snap rolled. It was during this maneuver that the  negative 
buffet boundary point of figure 8 was also  obtained. With the slats 
unlocked,  a peak normal-force coefficient of 1.46 was obtained a t  an 
angle of attack of about 36' and a Mach rimer of 0.29. (See f ig .  6 . )  
It is believed that the  absolute  value of the maximum normal-force  coef- 
f ic ien t  might have been  reached in this run since the amlane normal- 
force  coefficient  decreased as the  angle of attack  increased t o  kOo. 

Colnparisons - 

A comparison between the maximum normal-force coefficients and 
buffet  boundaries for   the unswept-wing Bell X-1 airpAane (references 3 
and 4) and the peak  normal-force coefficients and buffet boundary f o r  
the swept-wing D-558-11 airplane is shown i n  figure 12. (It may be . 
added that  the  straight-wing D-558-1 research  airplane had approximately 
the same buffet  boundaries  as  the X-1 airplane. These airplanes  both 
have NACA 65-110 airfoi l   sect ions and the  buffet-boundary measurements - 
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were made in the same manner as  were the measurements  on the D-558-11 
airplane.) Below a Mach  number of  about 0.72, for   the X - l  airplane, 
buffeting  occurs  very  close t o  the maximum normal-force coefficient and 
no dis t inct ion i s  made between the two in fa i r ing  a bunda;ry. Above 
a Mach number of.O.72, fo r  the X-;l airplane,  buffeting  occurs below the 
maximLulz normal-force coefficient. For the swept-wing D-558-11 airplane, 
buffeting  occurs  before  the maximum normal-force coefficient i s  reached 
throughout the Mach  number range  covered. Below a Mach huniber o f  0.8 
the D-558-11 buffetrlboun'dezy i s  below the maximum normal-force coefficient 
buffet boundary for  the X-l airplane. The maxirmM nonnal-force  coef- 
f ic ien ts   for   the  D-59-11 airplase are higher than  those  for  the X-1  
airplane at Mach numbers up t o  0.6, The large normal-force coefficient 
range between the  buffet   bomdaq and the maxhtm normal-force coefficients I 

for  the D-558-11 at low Mach nmbers i s  characterist ic of some sxeptback- 
wing airplanes where flow  separation  causes buff et- before the maxhum 
normal-force coefficient i s  reached. At-Mach numbers greater than 0.8, 
the  buffet  boundaries f o r  the D-558-11 and the X-1 airplanes are approxi- 
mately the same. It is  possible that the similezity of  buffet  bounaarles 
for   the swept- and unswept=wing airplanes above a Mach number of 0.8 i s  
caused  by  flow separation near the w i n g  root on the swept-wing airplane 
since, at this point, the flow conditions on both swept and unswept wings 
may be similar. The bufY'eting magnitudes for   the D-558-11 airplane, 
however, have been very mild dust beyond the boundary in this Mach nmiber 
range and p i lo t s  have reported no buffeting in 1 g f l i gh t s  up t o  a Mach 
number of 0.90. In addition, the effect  of the leadfng-edge-slat 
deflection on the buffet  boundmy is  not  yet known. A t rue  comparison 
between the  buffet  bOmdaries  for unswept- and swept-wing airplanes is  
not yet possible  since  the  buffeting  intensitiel; have not been  determined 
for   the D-558-11 airplane. 

1 

It is  of interest   to  note that the data  for  buffet  boundary and 
maxirm~n nom-force   coef f ic ien t  for the D-558-11 airplane were found t o  
be i n  essential agreement with Brit ish data fo r  a 35O swept-wing airplane 
in the speed  range corrmao~ t o  the two sets of tes t s .  

Measuremnts have been made of the  buffet boundary and peak normal- 
force  coefficients  for  the D-59-11 airplane up t o  a Mach nmiber of 0.90. 
These  measurements indicate that the buffet boundary falls  considerably 
below the m a x q m u m  normal-force coefficients in the Mach  num%er range 
covered i n  these. tests. The normal-force coefficient a t  which buffeting 
starts decreases  gradually from a normel-force coefficient of about 0.84 
at a Mach  number of  0.30 t o  a normal-force  coefficiejat of 0.5 at a Mach 
number of 0.80.. The nomal-force  coefficient at- which buffeting  starts 
then  decreases  rapidly  to a normal-force coefficient of 0.1 a t  a Mach 
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I number of 0.88. Buffe€ing magnitudes I or  the D - 5 9 - 1 1  airplane have 
been very  mild  just beyond the boundary above a Mach number of 0.80, 
however, and p i lo t s  have reported no buffeting below a normEiL-force 
coefficient of 0.4 in this Mach,nuniber range. 

The highest  ailplane normal-force coefficients  reached  with  the 
airplane i n  the  cleas  condition were 1.46 with the slats unlocked at a 
Mach nuuiber of 0.29 and 1.25 with the slats locked at a Mach number of 
0.55. In general,  the m i a t i o n  of the  absolute maximum normal-force 
coefficient  with Mach  number could not be determined  because of the 
longitudinal  instabil i ty of the D-558-11 airplaie  at high-normal-force 
coefficients. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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TABI;EI 

DIMEMSIONS AND C W T E ~ S T I C S  OF THE 

D O W W  D-558-XI AIRFLAKE 

wing: 
Root a i r f o i l   s e c t i m  (normal t o  0.30 chord) . . 
Tip a i r fo l l   sec t ion  (n0rmal.t~ 0.30 chord) . . 
Total area. sq f t  . . . . . . . . . . . . . . .  
Meas aeroaynamic chord. in.’ . . . . . . . . . . .  
Root  chord. (parallel  t o  plane of s-try) . in . 
Tip  chord (parellel   to  plane of symmetry). i n  . 
Ta, per r a t i o  . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . .  
Sweep at-0.30 chord, deg . . . . . . . . . . .  
Incidence at fuselage  center line. deg . . . .  
Dihedral. deg . . . . . . . . . . . . . . . .  
Geometric twist. deg . . . . . . . . . . . . .  
Total  aileron  area  (rearward of hinge). sq f t  . 
Aileron travel (each). deg . . . . . . . . . .  
Total  f lap area. sq ft . . . . . . . . . . . .  
Flap travel. aeg . . . . . . . . . . . . . . .  

Span. f t  . . . . . . . . . . . . . . . . . . .  

Rorizontd. tail: 
Root a i r foi l   sect ion (normal t o  0.30 chord) . . 
Tip d r f o i l  section ( n o m  t o  0.30 chord) . . 
Area (including  fuselage ) . sq ft  . .  : . . . .  span. in . 
Mean aerodynamic  chord. in . . . . . . . . . . .  
Root chord (parallel t o  plane of symnetry). in  . 
T i p  chord (peral le l  t o  plane of Eiymmetry). i n  . 
Taper ratio . . . . . . . . . . . . . . . . . . .  
Sweep at 0.30 &ora line. de@; . . . . . . . . .  
Dlhedra3.  deg . . . . . . . . . . . . . . . . .  
Elevator area. sq f t  . . . . . . . . . . . . .  
Elevator travel. deg . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

Aspect r a t io  . . . . . . . . . . . . . . . . .  

. . . .  NACA 63-010 . . . .  WACA 63-012 . . . . . .  3-73 0 . . . . . .  25.0 . . . . . .  87.301 . . . . . .  108.508 . . . . . .  61.180 . . . . . .  0.565 . . . . . .  3 570 . . . . . .  35.0 . . . . . .  3.0  . . . . . .  -3.0 . . . . . .  0 . . . . . .  9.8 . . . . . .  a 5  . . . . . .  32.58 . . . . . .  50 

. . . .  RACA 63-010 . . . .  MACA 63-010 . . . . . .  39.9 . . . . . .  143.6 . . . . . .  41 75 . . . . . .  53-0 6 . . . . . .  26.8 . . . . . . .  0.50 . . . . . .  3.59 . . . . . .  40.0 . . . . . .  0 . . . . . .  9.4 

. . . . . .  . 15 down 
Stabilizer  travel. deg . . . . . . . . . . . . . . . .  
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DIMENSIOHS AND CHARACTERISTICS OF TBE 

DOLEIAS 13-59-11 ADELANE - C o n c l u d e d  

Vert ical   ta i l :  
A i r f o i l   s e c t i o n   ( p a r a e l  t o  fuselage  center  line). . .  
Area, sq f-t; . . . . . . . . . . . . . . . . . . . . . . .  
Height from fuselage  center  line, Fn. . . . . . . . . . .  
Root chord ( p a r a e l  t o  fuselage  center 1-1, in. . . .  
T i p ,  chord (paral le l  t o  fuselage  center  line), Fn. . . . .  
Sweep angle at 0.30 chord, deg . . . . . . . . . . . . . .  
Rudder area  (rearward of hFnge l i ne ) ,  s q  f t  . . . . . . .  
Rudder travel, deg. . . . . . . . . . . . . . . . . . . . .  

NACA 63-010 ' . 36.6 
98. o . . 146.0 

' 44.0 
49.0 
6.15 
f25 

Fuselage : 
Length, f t  . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
Maximum diameter, in. . . . . . . . . . . . . . . . . . . .  60.0 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.40 
Speed-retarder  area, sq ft . . . . . . . . . . . . . . . .  5 -25 

Power plant . . . . . . . . . . . . . . . . . . . . . . .  J-34-WE-40 
2 jatos f o r  take-off 

Airplane weight (full fuel) ,  lb . . . . . . . . . . . . . .  10,645 
Airplane weight (no Rzdl) lb ; . . . . . . . . . . . . . . .  9,085 
Airplane weight ( fu l l  fue l  and 2 jatos ) . lb . . . . . . . .  11,060 

Center-of -gravity  locations: 
~u l l  fue l  (gear down), percent mean aerodynamic chord . . .  25.3 
Full fuel  (gear up), percent mean aerodynmk.. chord . . . .  25.8 
No fuel  (gear down), percent mean aerodynamic 'chord . . . .  26.8 
No fue l  (gear up), percent mean aerodynamic chord . . . . .  27.5 
~u l l  fue l  and 2 jatos  (gear down), percent mean 

aerodynamic chord. . . . . . . . . . . . . . . . . . . .  29.2 
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Figure 3. - Three-view drawing of the Douglas D-558-11 (BuAero No. 37974) 
. research airplane. - 
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18 NACA RM L50E31 - 

Figure 4.- Section of wing slat of Douglas D-558-11 (EWkro No. 37974) 
research airplane perpendicular to leading edge of wing. 
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Figure 5. - Range of  Reynolds number and Mach number covered in t es ta .  
D-558-11 airplane. 
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Figure 6.- Variation of airplane normal-force coefficient and slat 
position with airplane angle of attack. Slats unlocked. ' 

D- 558-11 airplane. 
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Figure 7.- Variation of airplane normal-force coefficient with airplane 
angle of attack.  Slats cloeed. D-558-11 airplane. 
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t t 

Figure 8.- Variation of airplane normal-force coeff ic ient   a t  which 
buffeting  occur^ with Mach number. D-558-11 (37974) airplane. 
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(a) Concluded. Accelerometer  record. 

Figure 9.- Continued. 
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(b) Strain-gage record of low-speed turn. ' M = 0.49; R = 11 X lo6; 
q = 140 pounb.  per square foot.  

Figure 9.- Continued. 
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(b) Concluded. Accelercmter record. 

Figure 9.- Contiqued. 
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( c )  Strain-gage recor of high-speed. turn. M = 0.87 to 0.83; R = 33. x 106 
' t o  28 x loB; q = 610 t o  580 pounds per square foot. 

Figure 9 . -  Continued. 
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(c )  Concluded. Accelerometer  record. 

Figure 9- -. Concluded. 
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0 ./ .2 . .3 ' .4 .5 .6 .7 .8 .Q 

Figure 10.- Comparison between the buffet boundary aa established by 
means of recording strain-gage and accelerometer measurements and 
pilot's, impression of the start 'of buffeting. D-59-11 airplane. 
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Figure 11.- Vmiation of peak normal-force  coefficients with Mach number. 

D-558-11 (37974) airplane. 
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Figure 12.- Caparisons between the buffet boundaries and maximum normal- 
force coefficients for   the -558-11 aud X-1 airplanes. 
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